Aims: (i) To determine whether exercise-induced increases in muscle mitochondrial volume density (Mito VD ) are related to enlargement of existing mitochondria or de novo biogenesis and (ii) to establish whether measures of mitochondrial-specific enzymatic activities are valid biomarkers for exercise-induced increases in Mito VD . Method: Skeletal muscle samples were collected from 21 healthy males prior to and following 6 weeks of endurance training. Transmission electron microscopy was used for the estimation of mitochondrial densities and profiles. Biochemical assays, western blotting and high-resolution respirometry were applied to detect changes in specific mitochondrial functions. Result: Mito VD increased with 55 AE 9% (P < 0.001), whereas the number of mitochondrial profiles per area of skeletal muscle remained unchanged following training. Citrate synthase activity (CS) increased (44 AE 12%, P < 0.001); however, there were no functional changes in oxidative phosphorylation capacity (OXPHOS, CI+II P ) or cytochrome c oxidase (COX) activity. Correlations were found between Mito VD and CS (P = 0.01; r = 0.58), OXPHOS, CI+CIIP (P = 0.01; R = 0.58) and COX (P = 0.02; R = 0.52) before training; after training, a correlation was found between Mito VD and CS activity only (P = 0.04; R = 0.49). Intrinsic respiratory capacities decreased (P < 0.05) with training when respiration was normalized to Mito VD. This was not the case when normalized to CS activity although the percentage change was comparable . Conclusions: Mito VD was increased by inducing mitochondrial enlargement rather than de novo biogenesis. CS activity may be appropriate to track training-induced changes in Mito VD.
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Skeletal muscle mitochondria consist of an interconnected reticular network, 1 and their morphology is extremely dynamic. They are constantly adapting to accommodate their cellular environment and energetic demands by processes such as fission, fusion and distribution events. 2 For example, mitochondrial volume density (Mito VD ) in human skeletal muscle, that is the volume of mitochondria per volume of muscle fibre, is on average 5% but generally ranges from 3 to 7% 3 and may increase by % 40% when unfit subjects are exposed to endurance exercise training. 4, 5 Little is known with regard to the structural changes causing this increase in Mito VD following exercise training and one aim of this study was to identify this. The 'golden standard' approach for the estimation of Mito VD is by means of 2D transmission electron microscopy (TEM). However, due to stereological limitations, it is not possible to directly derive information about the number of mitochondria based on single 2D micrographs acquired by TEM. 6 Rather, the length density of the mitochondrial network (Mito LV ) can be obtained by profile counting (Mito P ) and subsequently used to determine how Mito VD is changed following a given intervention. Initial attempts suggest enlargement of existing mitochondria, that is expansion of mitochondrial surface area rather than de novo synthesis, that is formation of new mitochondria to be the prevailing cause, 7 but more data are needed to decisively confirm this. Although estimating Mito VD by means of 2D transmission electron microscopy (TEM) indeed is considerably faster than establishing the mitochondrial volume (3D) from advanced electron microscopy imaging, for example focused ion beam scanning electron microscopy (FIB-SEM), 8 TEM analysis remains far slower than quantification of mitochondrial content by using biomarkers as a surrogate measure for Mito VD . Such biomarkers include mitochondrial DNA content, content of cardiolipin, a component of the inner mitochondrial membrane, as well as activity or content of mitochondrial enzymes such as citrate synthase (CS), a marker of the mitochondrial matrix, and cytochrome c oxidase (COX, complex IV), a marker of the inner mitochondrial membrane. The use of such analysis has become widely accepted, including our group relying on CS and COX activities. [9] [10] [11] [12] However, empirical evidence of using such markers as measures for Mito VD in response to interventions, such as exercise training, is lacking. As mitochondria are constantly adapting to their microenvironment, static (one time point) correlations validated between mitochondrial biomarkers and Mito VD across populations 13 may not be retained after an intervention period known to alter mitochondrial structure and functions. Even though exercise training induces an increase in both Mito VD 5 and enzyme activity, 14 these changes may not necessarily progress together. Furthermore, exercise training has shown to facilitate an increase in Mito VD, 15 whereas CS and COX have remained unchanged in other studies applying similar study designs. 16 Therefore, a further aim of this project was to determine whether biomarkers, that is mitochondrial enzymes, are valid as measures for Mito VD before and after an endurance training intervention. To add a further stressor of mitochondrial biogenesis, one group in this study performed the training while breathing hypoxia. 15 In summary, the overall aims of this study were to (i) determine how endurance exercise training facilitates Mito VD, mitochondrial length density (Mito LV ) , as well as measures of mitochondrial function, and (ii) validate/repudiate common mitochondrial biomarkers with Mito VD , as assessed by TEM following endurance training with and without the addition of hypoxia.
Results

Maximal oxygen uptake (VO 2max )
Six weeks of endurance training increased (P = 0.0004) VO 2max (10.5 AE 2.5% and 7.0 AE 2.4% with normoxic and hypoxic training, respectively; Table 1 ) with no difference noted between training environment.
Mitochondrial volume density (Mito VD )
Including all data points (i.e. pre-and post-training samples from all individuals; sample size N = 42), the overall average for Mito VD was 5.3 AE 1.5% with a range from 2.2 to 8.1%. The endurance training intervention increased Mito VD in both groups (Fig. 1a) . The increase was independent of the training condition (53 AE 12% and 59 AE 15 % with normoxic and hypoxic training, respectively; Table 2 ). Subdividing total mitochondria into intermyofibrillar (IMF) and subsarcolemmal (SS) populations revealed that hypoxic training led to a greater increase in SS Mito VD compared to normoxic training (P = 0.04; Fig. 1c and Table 2 ), whereas the increase in IMF Mito VD did not differ between the two training conditions (P = 0.46; Fig. 1b and Table 2 ).
Mitochondrial profiles per area (Mito P )
Endurance training had no effect on the number of mitochondrial profiles within a given area of the skeletal muscle sections, Mito P (P = 0.96, Fig. 2a ): preand post-training values were 0.80 AE 0.16 and 0.81 AE 0.11 profiles 9 lm À2 respectively. The Mito P did not differ between groups in response to training environment (P = 0.99, Table 2 ). When analysing the percentage of change induced by training, a positive correlation between Mito P and Mito VD was found (Pearson's correlation coefficient of R = 0.75, P = 0.001; Fig. 2b and Table 2 ).
Citrate synthase (CS) and cytochrome c oxidase (COX) activities
We found no response to training environment for either CS or COX activities (P = 0.546, P = 0.613, respectively, , P = 0.11.
Mitochondrial respiratory states and complex I to V expression levels
There were no responses to training environment with regard to mitochondrial respiratory states and protein expression levels, and hence, the data presented below are combined normoxic and hypoxic values (for details, see Table 3 ). There was a trend of an increase in the overall oxidative phosphorylation (OXPHOS capacity, CI+II P ) capacity by the 6 weeks of endurance training: from 94 AE 25 to 107 AE 11 pmol O 2 9 s À1 9 mg ww À1 , P = 0.082. The respiration rate of the electron transfer system (ETS) increased with training (P = 0.041), as did the OXPHOS capacity supported by a medium-chain fatty acid (octanoyl carnitine) (FAO P ; P = 0.009). The OXPHOS capacity supported by complex I substrates (pyruvate and glutamate) (CI P ) did not change with training (P = 0.17; Table 3 ). Regarding mitochondrial complex I-V protein expression levels, endurance training increased complex IV (cytochrome C oxidase) expression level (P = 0.017), whereas complex I, II, III and V expression levels were unchanged (P > 0.05).
Mitochondrial coupling efficiencies
Mitochondrial coupling control and leak control ratios were determined but no changes were found with training (Table 4) .
Correlations with Mito VD
When combining pre-and post-data, the correlations between Mito VD and CS, OXPHOS capacity, CI+CII p and COX activity were all significant (P = 0.01; Fig. 3a-c) . Analysing the pre-and post-training data sets independently, samples collected prior to endurance training displayed correlations between Mito VD and CS (P = 0.05), OXPHOS, CI+CII p (P = 0.01) and COX activity (P = 0.05); however, when making the same correlations in the samples collected following Fig. 3d-f ).
Intrinsic mitochondrial respiratory capacities
When oxygen consumption rates of the five mitochondrial respiratory states were normalized to COX, there was no difference between pre-and post-values (Fig. 4) ; when normalized to CS activity, the respiratory rates were reduced between 10 and 17% (not significant; Fig. 4 ). However, when normalized to Mito VD , all respiratory rates were decreased (P < 0.05) after the training period. OXPHOS and CI+CII p decreased by 17.4 AE 8.8%; ETS capacity by 18.4 AE 6.5%; CI supported OXPHOS (CI P ) by 19.6 AE 8.6%; FAO supported OXPHOS (FAO p ) by 14.7 AE 7.8%; and finally, COX activity was reduced by 18.9 AE 7.3% (Fig. 4 ).
Mitofusin 2 (MFN2) expression
Mitofusin 2 protein expression levels were increased 42 AE 12% by training (Fig. 5a ). There was a trend (P = 0.081) for the increase being higher for the subjects who trained in hypoxia (data not shown).
Antioxidative capacity
Catalase and SOD2 increased (0.52 AE 0.06 arbitrary units (au) to 1.1 AE 0.18 au (P = 0.01) and 1.2 AE 0.12 au to 1.5 AE 0.14 au (P = 0.04), respectively) after the training intervention, whereas glutathione peroxidase (GPX1) did not [1.7 AE 0.19 au to 2.3 AE 0.56 au (P = 0.185)].
Discussion
There are three main findings in the current study. First, endurance training augments Mito VD by means of mitochondrial enlargement rather than de novo biogenesis. Second, the data demonstrate that the use of citrate synthase as surrogate for Mito VD following exercise training can be used, whereas cytochrome C oxidase (COX) activity may be inappropriate. Third, intrinsic mitochondrial oxidative phosphorylation capacities (OXPHOS) are reduced after 6 weeks of exercise training (using Mito VD for normalization).
Mechanisms responsible for augmented Mito VD
Pioneering work demonstrated a 40% increase in mitochondrial volume density in previously untrained subjects following 6 weeks of rigorous endurance training 5 and the observed increase in the present study is in line herewith ( Fig. 1 and Table 2 ). Such a change in mitochondrial volume density is a result of changes in mitochondria number and/or size. As already mentioned, the approach taken in our study did not allow for estimates of the number of mitochondria per volume. However, due to the relationship between Mito P and Mito LV , it becomes evident that the augmented Mito VD is not caused by an increase in the length of the mitochondrial network, but rather that the mitochondria undergo hypertrophy (Fig. 2a,c ). In contrast, if an increased Mito VD would solely be the result of increased de novo biogenesis, it could be expected that newly synthesized mitochondria would lead to similar increases in biomarker activities and intrinsic respiratory capacities.
Preferential effect of endurance training on subsarcolemmal mitochondria
The augmented Mito VD is the sum of Mito IMF and Mito SS , and the fraction of the intermyofibrillar mitochondria population (4.4 AE 0.3%, N = 21) contributes more to this than the subsarcolemmal mitochondria population (1.0 AE 0.1%, N = 21). However, the relative increase in mitochondria volume density is five times greater for Mito SS (increase of 231 AE 75%, N = 21) compared to Mito IMF (increase of 44 AE 9%, N = 21). This is in contrast to what we found for subjects exposed to hypoxia during a 28-day sojourn at 3454 m [Ref. 17] : in that study, we reported an increase in the intermyofibrillar population of mitochondria, whereas the subsarcolemmal population was unaffected by the hypoxic condition. One reason for Mito SS to respond more to exercise training may be related to the fact that Mito SS and Mito IMF play different metabolic roles in mediating both fibre type-specific and exercise-induced regulation of carnitine palmitoyltransferase I (CPT1) and fatty acid oxidation. 18 It has also been suggested that Mito SS primarily support energetic production used to 
Mitochondrial enlargement and mitochondrial dynamics
Within the last decades, it has become apparent that mitochondrial dynamics (fusion and fission processes) are important in relation to mitochondrial function. Fusion is mainly governed by MFN2, which in the present study was increased by~40% following the training intervention (Fig. 5 ) and may further support that Mito VD was elevated due to mitochondrial volume expansion of existing mitochondria: mitochondrial fusion leads to larger single mitochondria, with more direct contacts to the endoplasmic reticulum, which in turn may have implications for Ca 2+ homeostasis where a higher mitochondrial Ca 2+ may enhance oxidative metabolism by activating pyruvate dehydrogenase. 23 An interesting relationship, emphasizing the dynamics of mitochondria, is evident from Figure 2b where the percentage change in Mito P is plotted as function of percentage change in Mito VD within the individual subjects. This plot reveals that small changes in Mito VD are caused by volume expansion of the mitochondria (same surface area, bigger volume, shorter in length), whereas a larger increase in Mito VD also requires an increase in the length, either by fusion (see below) or by de novo biogenesis (Fig. 2c) .
In this study, we did not observe an increase in OXPHOS capacity although a tendency was observed, which is in line with previous research conducted in rodents overexpressing MFN2. 24 The discrepancy between the unchanged OXPHOS capacity in the present study and the 50% increased Mito VD could be related to the assessment of mitochondrial respiration where all parameters are fully saturated (O 2 and substrates). This might distort the results as fusion increases substrate availability within the mitochondria 
Functional significance of lowered oxidative phosphorylation capacity per mitochondrial volume density
All cells, to differing degrees, rely on mitochondria for a continual local supply of ATP. Bioenergetic fluctuations within a cell result in very specific mitochondrial adaptations with respect to the stimuli. Here, we observed that naturally coupled mass-specific skeletal muscle oxidative phosphorylation capacity, CI+CII P , only demonstrated a trend (P = 0.082) to increase with exercise training. Moreover, when normalizing the CI+CII P respiratory state to Mito VD , there was a significant reduction in respiratory capacity per volume density. Many factors need to consider when interpreting this finding. First, baseline measures of maximal oxygen consumption were 45.4 AE 4.0 mL min À1 kg À1 (Table 1 ). This baseline mean aerobic capacity places these subjects above the 50th percentile for individuals matched by sex/gender, age and race/ethnicity, and corresponds to a lifestyle with a high amount of leisure-time physical activity. 24 While the subjects examined in this study were not engaging in routine and systematic bouts of regular exercise prior to the commencement of the study, their activity, and corresponding baseline aerobic fitness, is higher than would be measured in a sedentary age-matched cohort. The negligible change in CI+CII P respiratory capacity following exercise may partially be attributed to these higher-than-average baseline measures of aerobic capacity. Additionally, improvements in VO 2max attendant to more classic modes of endurance training (~60 min of exercise three to five days per week with exercise intensity predominantlỹ 50-75% VO 2max ) are primarily attributed to increases in maximal cardiac output and subsequent improvements in oxygen delivery to working muscle. 26, 27 The attenuation of normalized respiration, which has been previously observed following exercise training, 28 may be attributed to functional alterations to help match the maintenance of redox homeostasis in concert with oxidative requirements. Lastly, and most importantly, the exercise-induced changes in mitochondrial function observed in this study match the training modality. Respiratory capacities associated with maximal fat oxidation (FAO P ) and electron transport system capacity (ETS) both significantly improved. Endurance training markedly increases the capacity for fat oxidation during submaximal exercise. [29] [30] [31] Our data are consistent with these findings, demonstrating that the capacity for fat oxidation in skeletal muscle increases in response to exercise training mostly occurring at~65% W max . In the ETS respiratory state, the inner mitochondrial membrane potential is completely collapsed, with an open transmembrane proton circuit. The uninhibited flow of electrons through the respiratory system is a product of the chemiosmotic push and concentration of respiratory complexes. As only cytochrome C oxidase expression was shown to increase (Table 3) , the higher ETS after training suggests greater transmembrane electrochemical potential following exercise training. There is evidence to show that the electrochemical gradient can be transmitted in reticular mitochondria from areas of the cell that are oxygen rich to those that are more deficient so that ATP synthase can supply ATP evenly to meet ubiquitous energetic demand, 32 which would be especially important in longer cells such as skeletal muscle. The maintenance of mitochondrial coupling efficiencies paired with the enhanced ETS capacity supports that the subjects in our study may be more capable to meet a demand for high ATP flux following exercise training, as would be expected. Overall, we show that mitochondria adapt specifically in accordance with bioenergetic needs of the cell, and the primary adaptations observed in this study were an increased capacity for fat oxidation and ETS respiratory capacity. In summary, this study demonstrates that Mito VD becomes elevated following endurance training by means of mitochondrial enlargement rather than de novo biogenesis. Furthermore, we confirm that Mito SS is increased more with this type of training than Mito IMF , but that the increase in Mito IMF has higher impact on the overall increase in Mito VD . We also demonstrate that some markers (CS activity) commonly used to determine exercise training-induced changes in Mito VD may be suitable/valid surrogates, whereas others (COX activity) are not. Finally, we demonstrate a lower intrinsic mitochondrial oxidative phosphorylation capacity after the training intervention when Mito VD is used for normalization.
Materials and methods
Ethical approval
All experimental protocols involving human subjects were approved by the ethical committee of the Eidgen€ ossische Technische Hochschule in Z€ urich (EK 2011-N-24) in accordance with the Declaration of Helsinki. Prior to the start of the experiments, informed oral and written consents were obtained from all subjects.
Subjects, experimental design, training and testing
Twenty-one healthy male adults participated in the study (26 AE 4 years, 181 AE 7 cm, 77 AE 6 kg, VO 2 max 46 AE 5 mL 9 min À1 9 kg À1 ). The experimental design consisted of (i) familiarization period followed by 2 weeks of lead-in training phase, (ii) baseline testing, (iii) experimental intervention, that is a 6-week training period to which the subjects were randomly assigned to either normoxic (N = 12) or normobaric hypoxic (N = 9) training, that is an additional stressor for mitochondrial biogenesis, 15 and (iv) post-intervention measurements. The numbers of individuals included in each data set vary due to inadequate muscle biopsy sampling in some subjects, and the actual number included is always indicated. The training consists of four weekly sessions of 60-min-long endurance-type interval training averaging 65% of maximal workload (W max ). For a full description of training and testing, see, 33 where also the exercise performance data and some of the physiological measures of mitochondrial function have been published for a subset of participants (14 overlapping 
Skeletal muscle biopsies
Subjects arrived to the laboratory in the morning after an overnight (22:00) fasting period, and after 15 min of supine rest, the biopsy procedure was initiated. Skeletal muscle biopsies were obtained from the vastus lateralis muscle of the dominant leg at baseline and again after 6 weeks of endurance training. All postbiopsies were taken~48 h following the last bout of exercise. Samples were collected under local anaesthesia (1% lidocaine) of the skin and superficial muscle fascia, using the Bergstr€ om technique 34 with a needle modified for suction. The biopsy (100-200 mg) was immediately dissected free of fat and connective tissue and divided into sections for further processing: (i) TEM, (ii) high-resolution respirometry and (iii) enzyme activity and protein expression (frozen in liquid nitrogen). All samples were labelled with codes unknown to the investigators.
Mitochondrial volume density
Four 1-mm 3 pieces of each muscle biopsy were fixed in 2.5% glutaraldehyde at room temperature and processed according to the standard electron microscopy protocols. TEM images were obtained in a FEI Tecnai G2 Spirit electron microscope (FEI, Hillsboro, OR, USA) with an Orius SC1000 CCD camera (Gatan, Pleasanton, CA, USA) and interfaced with the TEM User software from FEI. Two hundred and sixteen images per biopsy were acquired in a random systematic order from 24 meshes distributed on eight grids from four blocks. The Cavalieri feature in the StereoInvestigator software (MBF Bioscience, Williston, VT, USA) was used to estimate mitochondrial volume density (Mito VD ) by point counting. 35 The grid spacing was 1 lm along both x-and y-axes. Mitochondria boundaries were recognized at the 98200 magnification. Each point was assigned as either intermyofibrillar (IMF) mitochondria, subsarcolemmal (SS) mitochondria or muscle. SS mitochondria were defined as the mitochondria that were not separated by myofibrils from the sarcolemma. Specific Mito VD (IMF or SS) was calculated by dividing the points assigned to either IMF or SS with the total number of points counted (total fibre volume: IMF+SS+muscle).
Mitochondrial profile counting and relation to mitochondrial length density
The TEM micrographs were also used for mitochondrial profile counting, where the number of mitochondrial profiles (cross-sections) per area of skeletal muscle (Mito P ) was estimated. An average of 109 AE 25 micrographs obtained in pre-and posttraining biopsies from 15 subjects were analysed. A counting frame was positioned at the same place in all micrographs 34 covering an area of 50.3 lm 2 within which the number of mitochondrial profiles was counted following a predefined set of rules. 35 It is well established that for a given structure within a tissue (e.g. capillaries or axons), the number of profiles per area (Q A ) is directly proportional to the length density of this structure within a unit volume of the tissue, following the relationship L V = 2 9 Q A. 6,35 Using this relationship allowed us to determine whether exercise training augments Mito VD by means of increasing mitochondrial length density.
High-resolution respirometry
A part (20-30 mg) of each muscle biopsy was placed in ice-cold biopsy preservation solution and immediately prepared and assessed for mitochondrial respiratory function, as described previously. 10 Briefly, O 2 consumption was measured in saponin-treated permeabilized muscle fibres at 37°C using high-resolution respirometry (Oxygraph-2k, Oroboros, Austria) by applying a titration protocol specific to the examination of individual features of respiratory control. 10 All respirometric analyses were carried out in duplicate and were carried out in a hyperoxygenated environment to prevent any potential oxygen diffusion limitation with oxygen concentration within the chamber ranging between 250 and 420 lM. Measurement of COX activity was included in the titration protocol used in the high-resolution respirometry experiment, as previously described. 36 Briefly, after inhibition of complexes I, III and V, TMPD (N,N,N',N'-tetramethyl-p-phenylenediamine dihydrochloride, a redox substrate feeding electrons directly to complex IV) and ascorbate (maintains TMPD in a reduced state) were titrated into the O2K chamber and mitochondrial-specific oxygen consumption was determined.
Muscle lysate preparation
Snap-frozen muscle biopsy samples (10-15 mg) were homogenized (Precellys24Tissue Homogenizer, Bertin Technologies, France) in a fresh batch of homogenization buffer containing 10% glycerol, 20 mM sodium pyrophosphate, 150 mM NaCl, 50 mM HEPES, 1% NP-40, 20 mM b-glycerophosphate, 2 mM Na 3 VO 4 , 10 mM NaF, 2 mM phenylmethanesulfonyl fluoride, 1 mM EDTA, 1 mM EGTA, 10 lg/mL aprotinin, 10 lg/mL leupeptin and 3 mM benzamidine. Afterwards, samples were rotated end over end for 1 h at 4°C and centrifuged at 16 500 g for 30 min at 4°C and the lysate was used for further analysis. Total protein concentrations were determined by BCA assay (Pierce, Rockford, IL USA). Lysates were divided into aliquots and stored at À80°C. For western blotting, the samples were diluted to a concentration of 2 lg/ lL in MilliQ H 2 O and 4 9 Laemmli buffer (Bio-Rad Laboratories) and stored at À80°C until analysis.
Citrate synthase activity
Citrate synthase activity was assayed in muscle lysates using a commercially available citrate synthase assay kit (C3260, St. Louis, MO, Sigma-Aldrich) according to the manufacturer's instructions. All activities were normalized to mg of total protein.
SDS-PAGE and Western blotting
Equal amounts (15 or 25 lg) of total protein were loaded together with two protein markers (Precision Plus All Blue and Dual Color, Bio-Rad Laboratories, Hercules, CA, USA) on pre-casted gels (Bio-Rad Laboratories). Proteins were separated by SDS-PAGE (Criterion Cell, Bio-Rad Laboratories) and transferred to PVDF membranes using the Trans-Blot Turbo Transfer system (Bio-Rad Laboratories). Membranes were blocked in either 5% skimmed milk in tris-buffered saline, 0.1% Tween 20 (TBS-T) or 5% BSA in phosphate-buffered saline, 0.1% Tween 20 (PBS-T) before overnight incubation at 4°C with MitoProfile Total OXPHOS Human WB Antibody Cocktail (ab110411, Abcam, Cambridge, UK) diluted 1:210 in TBS-T 5% skim milk, mitofusin 2 (MFN2) monoclonal antibody (9927-M03, Abnova, Taipei City, Taiwan) diluted 1:500 in PBS-T 3% BSA, catalase (ab16731, Abcam) diluted 1:2000 in TBS-T 5% skim milk, superoxide dismutase 2 (SOD2) (ab13534, Abcam) diluted 1:1000 in TBS-T 5% skim milk or glutathione peroxidase 1 (GPX1) (3286, Cell Signalling, Danvers, MD, USA) diluted 1:500 in TBS-T 5% BSA. Thereafter, membranes were washed in TBS-T or PBS-T and incubated for 1 h at room temperature with secondary anti-mouse antibody (1:5000) conjugated to horseradish peroxidase (W4021, Promega, Madison, WI, USA). Bands were detected with Luminata TM Classico (EMD Millipore, Billenica, MD, USA) and imaged on an ImageQuant LAS 4000 (Fujifilm; Life Science, Tokyo, Japan). Membranes were washed and incubated with antiactin (1:5000) (A2066, Sigma-Aldrich) for 2 h, followed by incubation with secondary anti-rabbit (1:5000) conjugated to alkaline phosphatase (s3731, Promega) for 1 h. Bands were detected with CDP-star ready to go (Roche Applied Science, Penzberg, Germany) and imaged as mentioned above. Band intensities were quantified using Image J (http://image j.nih.gov/ij/, 1997-2014) and determined as the total band intensity minus the background intensity. Preand post-samples were loaded on the same gel. Signal intensity from each muscle sample was adjusted according to the intensity of all the samples on the same gel and normalized to actin. For verification of linearity and proportionality of band signal intensities, a human lysate pool (aliquots of all muscle lysates) was prepared and standard curves were produced for all primary antibodies.
Statistics
Statistics were made with SPSS (SPSS Statistics 17.0, SPSS, Chicago, IL, USA). The values are reported as means AE SD except for percentage changes, which are given in mean AE SEM. A P value of ≤ 0.05 was considered significant. The Kolmogorov-Smirnov test was applied to examine the normality in the distribution of data. Data were analysed using a mixed ANOVA with repeated measures, which included one within-subject factor (training, i.e. pre-training and post-training) and one between-subject factor (environment, i.e. normoxic training and hypoxic training). Pearson's correlation coefficients were calculated to investigate the correlation between the absolute values.
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